Patients with early-stage non-small-cell lung cancer (NSCLC) have a poor prognosis even after complete resection. Earlier studies of preoperative (induction) chemotherapy in resectable NSCLC demonstrated feasibility and encouraging survival data. This randomized phase III trial compared overall survival (OS) for preoperative paclitaxel and carboplatin followed by surgery with surgery alone in patients with early-stage NSCLC.
INTRODUCTION
Lung cancer remains the most common cause of cancer-related death in men and women. Nonsmall-cell lung cancer (NSCLC) is the most common type, and it accounts for 85% of cases. Unfortunately, the majority of patients with NSCLC have metastatic disease at diagnosis. However, even patients with resectable disease have poor survival.
The need to improve survival rates in these patients prompted research exploring the role of systemic therapy in operable NSCLC. In the 1990s, several clinical trials of preoperative chemotherapy (also known as induction chemotherapy) followed by surgery or radiation in patients with locally advanced NSCLC showed improvements in survival. [1] [2] [3] [4] [5] [6] A phase II trial of preoperative paclitaxel and carboplatin chemotherapy established feasibility and safety with encouraging overall survival (OS) results in patients with early-stage NSCLC.
7,8 These findings prompted this phase III trial of preoperative paclitaxel and carboplatin plus surgery or surgery alone in early-stage NSCLC.
PATIENTS AND METHODS

Study Design
This intergroup, randomized, phase III trial (S9900) compared three cycles of preoperative paclitaxel and carboplatin followed by surgery with surgery alone in patients JOURNAL OF CLINICAL ONCOLOGY with clinical stage IB, II, or selected IIIA (excluding superior sulcus tumors and ipsilateral mediastinal lymph node involvement) NSCLC. The main objective was to compare OS. Secondary objectives were to compare progression-free survival (PFS), relapse patterns, operative morbidity and mortality, and chemotherapy response and toxicities. The protocol was approved by the institutional review boards at the participating institutions; all patients provided written informed consent. Data were collected, managed, and analyzed by the Southwest Oncology Group (SWOG) Data Operations Center at Cancer Research and Biostatistics. The SWOG Data and Safety Monitoring Committee oversaw the conduct of the study.
Eligibility Criteria
To be eligible for the trial, patients had to be Ն 18 years old and have clinical stage T2N0, T1-2N1, or T3N0-1 NSCLC (based on cytology or pathology), as defined by history, physical examination, laboratory evaluation, chest computed tomography (CT), and bronchoscopy. Mediastinoscopy or biopsy (to rule out involvement) was required for adenopathy larger than 1.0 cm on CT. Clinical T stage was defined by CT findings. Clinical N stage was defined by mediastinoscopy and CT findings. N1 nodes were considered clinically involved if larger than 1.0 cm on CT. Patients were also required to have a Zubrod performance status of 0 or 1; adequate hematologic, renal, and hepatic function for chemotherapy and surgery; a predicted postresection forced expiratory volume in 1 second of Ն 1.0 L; and measurable disease by RECIST (Response Evaluation Criteria in Solid Tumors).
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Pretreatment Evaluation
All patients underwent chest CT, chest x-ray, electrocardiography, pulmonary function tests, bronchoscopy, mediastinoscopy (when required by protocol), and laboratory tests. As it was not universally available at study initiation, positron emission tomography imaging was optional. Brain and bone imaging were performed if indicated.
Treatment Plan
After providing informed consent, patients were randomly assigned to either surgery alone (arm 1) or preoperative chemotherapy followed by surgery (arm 2). The randomization was stratified on clinical stage (IB/IIA v IIB/IIIA) using a dynamic balancing algorithm.
Surgery alone. Patients in arm 1 underwent surgery within 14 days after trial registration. Segmentectomy and wedge resection were discouraged, and a complete mediastinal lymph node dissection/sampling was recommended.
Preoperative chemotherapy plus surgery. Patients in arm 2 received paclitaxel (225 mg/m 2 given intravenously over 3 hours) and carboplatin (area under the curve of 6 given intravenously over 30 minutes after paclitaxel) every 21 days for three cycles. Before cycles 2 and 3, patients had a history, blood tests, and chest x-ray. Toxicities were graded using National Cancer Institute Common Toxicity Criteria, version 2.0. Chemotherapy was modified for toxicity as necessary. Within 2 to 6 weeks after cycle 3 of chemotherapy, patients were re-evaluated for surgery by a history, physical examination, chest CT, chest x-ray, electrocardiography, pulmonary function tests, and laboratory tests. Radiographic response was assessed using RECIST. 9 Surgery occurred within 3 to 8 weeks after chemotherapy.
Follow-up. Patients were removed from protocol-based therapy and treated per their physicians if they had incomplete resection; N2, N3, T4, or M1 disease at surgery; or unacceptable toxicity. All patients were observed for recurrence, long-term toxicities, and survival. After protocol therapy was completed, follow-up visits, which included a history and chest imaging, were scheduled every 3 months for 1 year, every 6 months for the next 4 years, and then annually.
Statistical considerations. The primary objective was to compare OS between the two study arms (intent-to-treat analysis). The study was designed to detect a 33% increase in median OS (over an expected 2.7 years) with 81% power, using a one-sided .025 significance level, with an accrual goal of 300 patients per arm. OS was defined as the time between registration and death. PFS was defined as the time between registration and disease progression (defined radiographically before or after surgery or at surgery if more extensive disease) or death, whichever occurred first.
Estimates of median and survival rates were calculated by the KaplanMeier method. Survival comparisons were made using Cox proportional hazards models, stratified by stage (IB/IIA v IIB/IIIA). Risk estimates for local and distant relapse were generated using cumulative incidence analyses with competing risk designation for death or disease progression to other sites.
The SWOG Data and Safety Monitoring Committee recommended early closure of the S9900 trial (S9900 closed July 1, 2004) after reports of an OS benefit from postoperative chemotherapy in patients with resected NSCLC.
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RESULTS
Patient Characteristics
Between October 1999 and June 2004, 354 patients were accrued. Seventeen patients were ineligible for the following reasons: surgery alone, incorrect stage (seven patients), no measurable disease (n ϭ 3), and incorrect histology (n ϭ 1); chemotherapy and surgery, missing required baseline bronchoscopy (n ϭ 3), incorrect histology (n ϭ 2), and incorrect stage (n ϭ 1). Among eligible patients, 168 were randomly assigned to arm 1 (surgery alone) and 169 to arm 2 (preoperative chemotherapy and surgery; Fig 1) . Baseline patient characteristics are summarized in Table 1 . Known prognostic variables were well balanced between the two study arms.
Chemotherapy Compliance, Response, and Toxicity
Seventy-nine percent of patients assigned to receive chemotherapy completed all three planned cycles. Reasons for not completing chemotherapy included adverse effects (8%), refusal (3%), disease progression (2%), and death (2%). Chemotherapy response rates are presented in Appendix Table A1 (online only). The overall major response (complete or partial response) rate was 41%. Sixteen patients were not assessable for radiographic response because of improper or inadequate follow-up imaging (n ϭ 8); chemotherapy refusal (n ϭ 5); early chemotherapy discontinuation (n ϭ 2); or delinquent data submission (n ϭ 1).
Appendix Table A2 (online only) summarizes chemotherapy toxicities. Five patients were not assessable for toxicity (refused chemotherapy after random assignment); therefore, toxicity data were available for 164 patients. Grade 3 or 4 neutropenia occurred in 48%, but only 4% had febrile neutropenia. Grade 3 or 4 paclitaxel-induced hypersensitivity reactions occurred in 3%. Anemia and thrombocytopenia were uncommon. Fifty-one percent of patients had grade 1 or 2 fatigue or malaise, while only 4% experienced grade 3 fatigue.
There were three deaths during preoperative chemotherapy. One patient died at home from unknown causes on day 8 of cycle 1; one died on day 9 of cycle 2 from complications of a stroke, pneumonia, and neutropenia; and one died from congestive heart failure 51 days after cycle 2.
Surgery
One hundred sixty-five of 168 patients in the surgery-alone group underwent surgical exploration (Table 2) , two refused surgery and one could not be intubated and did not have surgery. One hundred forty-six patients had complete resection (R0; 88% of those who had exploration and 87% of those randomly assigned to surgery alone), seven had microscopic residual disease (R1), five had gross residual disease (R2), and seven underwent exploration without resection. Four patients refused their randomly assigned treatment and received preoperative chemotherapy (a major protocol violation).
Among the 169 patients in the preoperative chemotherapy and surgery group, 152 underwent surgical exploration. Reasons for not undergoing surgery included disease progression (n ϭ 6); patient refusal (n ϭ 5); death during preoperative therapy (n ϭ 3); toxicity/ refusal (n ϭ 1); and other (n ϭ 2). One hundred forty-two patients had complete resection (R0; 93% of those who underwent exploration and 84% of those randomly assigned to arm 2), five had microscopic residual disease (R1), and five underwent exploration without resection. One patient who underwent R1 resection had refused preoperative chemotherapy and proceeded directly to surgery (major protocol Abbreviation: NSCLC, non-small-cell lung cancer.
‫ء‬ NSCLC, mixed histologies, or not specified. 
‫ء‬
Represents 88% of those who had exploration and 87% of those assigned to arm. Four of the completely resected (R0) patients had refused assigned arm and received preoperative chemotherapy (a major protocol violation). One patient who did not receive surgery had also refused assigned arm and received chemotherapy.
†Represents 93% of those who had exploration and 84% of those assigned to arm. One patient assigned to preoperative chemotherapy refused assigned arm and received surgery only, with microscopic residual disease (R1). violation). Fifteen (9%) of 169 patients randomly assigned to arm 2 were found to have pathologic complete response (no viable tumor in the resected specimen). This included two patients (of five) who had radiographic complete response, 10 with radiographic partial response and three with stable disease. Table 2 presents surgical results by randomization arm. The surgical procedures performed did not differ significantly between the arms. The complete resection (R0) rates were also similar in the two groups. After exclusion of the five patients with major protocol violations, 87% of surgery-alone patients had complete resection versus 84% of those who received preoperative chemotherapy.
Surgical morbidity and mortality data are summarized in Table  3 . There were 11 deaths after surgery. Four occurred in arm 1:3 after lobectomy and one after a wedge/chest wall resection. Causes of death were hemorrhage (postoperative day 4), sudden death (postoperative day 5), pneumonia (postoperative day 20), and multiple complications (postoperative day 5). Seven postoperative deaths occurred in arm 2: four after pneumonectomy (two right sided and two left sided) and three after lobectomy. Causes of death in the pneumonectomy patients were multiorgan failure (postoperative day 13), pneumonia/ acute respiratory distress syndrome (ARDS; postoperative day 27), sudden death (postoperative day 30), and aspiration/ARDS/multiorgan failure (postoperative day 52); causes of death in the lobectomy patients were sudden death (postoperative day 9), sepsis/atrial fibrillation/multiorgan failure (postoperative day 15), and hemoptysis (postoperative day 15).
Survival
PFS. As of September 3, 2008, with a median follow-up of 64 months, PFS rates at 1, 3, and 5 years were 68%, 38%, and 33% in the surgery-alone group (arm 1) and 68%, 48%, and 42% in the preoperative chemotherapy and surgery group (arm 2; Fig 2) . The median PFS was 20 months in arm 1 (95% CI, 17 to 28 months) and 33 months in arm 2 (95% CI, 21 to 48 months; hazard ratio [HR], 0.80; 95% CI, 0.61 to 1.04; P ϭ .10). Table A3 (online only). After exclusion of the 10 patients whose first relapse site was unknown, the estimated probabilities (by cumulative incidence analysis) of any distant recurrence at 12 and 24 months were 18% and 30% for arm 1 and 15% and 24% for arm 2, respectively. There were no significant differences in patterns of distant recurrence between the study arms. The risks of local-only recurrence at 12 and 24 months were 6% and 11% in arm 1 and 9% and 13% in arm 2. Survival after recurrence was similar in the two arms, with a median survival after progression of 12 months in the surgery-alone arm and 9 months in the preoperative chemotherapy arm (P ϭ .77; 2-year postrelapse survival rates, 27% and 24%, respectively).
Sites of first relapse are shown in Appendix
OS. As of September 3, 2008, with a median follow-up of 64 months, OS rates at 1, 3, and 5 years were 79%, 56%, and 41% in the surgery-alone arm and 82%, 61%, and 50% in the preoperative chemotherapy plus surgery arm (Fig 3) . The median OS was 41 months in arm 1 (95% CI, 34 to 55 months) and 62 months in arm 2 (95% CI, 40 to 76 months). The HR for preoperative chemotherapy plus surgery versus surgery only was 0.79 (95% CI, 0.60 to 1.06; P ϭ .11).
The influences of Zubrod performance status (0 v 1), stage (IB/ IIA v IIB/IIIA), histology, and sex were examined with stepwise selection in a multivariate Cox regression model including treatment arm. Only stage (HR, 1.43; 95% CI, 1.05 to 1.96; P ϭ .025 in favor of lower stage) and sex (HR, 1.69; 95% CI, 1.20 to 2.38; P ϭ .003 in favor of females) were found to be significantly prognostic for OS. Interactions between treatment arm and stage and between treatment arm and sex were not identified. The majority of patients enrolled were white (86%), and the remaining were African American (7%), Asian (Ͻ 1%), Native American (Ͻ 1%), or not reported (5%). This ethnic distribution precluded any meaningful analysis of treatment effect by ethnicity.
DISCUSSION
This prospective randomized trial found trends in favor of the use of preoperative chemotherapy followed by surgery versus surgery alone in early-stage NSCLC; however, the differences did not reach statistical significance. The absolute improvement in OS rate at 5 years was 9%, comparable with or better than differences observed with postoperative chemotherapy in operable NSCLC.
10,11,13,14 This trial did not accrue its planned sample size because during its conduct, studies of postoperative chemotherapy found an OS benefit, establishing a new standard of care for resectable NSCLC.
The first reported phase III trial of preoperative chemotherapy for early-stage NSCLC was a French study 15 that found chemotherapy led to an 11-month increase in median OS (37 v 26 months) and an 8.6% absolute increase in 4-year survival, but the differences were not statistically significant. With additional follow-up, the 3-and 5-year survival increases were stable at around 10% (P ϭ .04 at 3 years; P ϭ .06 at 5 years), and statistically significant benefits from preoperative chemotherapy in the N0/N1 subgroup were confirmed (5-year OS rate, 49% v 34%; P ϭ .02).
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A Scandinavian randomized trial 17 of preoperative chemotherapy in early-stage NSCLC closed prematurely after slow accrual (90 patients in 6 years). The median and 5-year OS rates were 34 months and 36% for preoperative chemotherapy versus 23 months and 24% for surgery alone (differences not significant). A large United Kingdom trial found no difference in extent of surgical procedures performed, operative morbidity and mortality, or survival between patients randomly assigned to preoperative chemotherapy versus surgery alone (HR, 1.02; 95% CI, 0.8 to 1.31). 18 The Chemotherapy in Early stages NSCLC Trial (ChEST) was unique among randomized trials of preoperative chemotherapy as its primary end point was PFS. Similar to the S9900 trial, ChEST closed early after accruing 270 of 700 planned patients. The median PFS and 3-year PFS rate were 2.9 years and 48% for surgery alone versus 4.0 years and 53% for preoperative chemotherapy and surgery (P ϭ .109; HR, 0.71; 95% CI, 0.50 to 0.99; P ϭ .011). OS results also favored preoperative chemotherapy. However, subset analyses found these benefits restricted to the stage IIB/IIIA patients. 19 The ChEST findings were not consistent with the S9900 subset analysis, in which no treatment arm and stage interaction was found, or the French trial, 15 in which the N0/N1 patients experienced a greater benefit from chemotherapy. To our knowledge, the ChEST trial is the only preoperative chemotherapy trial to date in which the pneumonectomy rate was lower in patients receiving preoperative therapy. In our trial, pneumonectomy rates were similar in the two treatment arms.
The three-arm NATCH (Neoadjuvant/Adjuvant Taxol/Carboplatin Hope) trial, which accrued 624 patients compared disease-free survival with surgery alone versus three cycles of preoperative or postoperative paclitaxel/carboplatin chemotherapy and surgery in early-stage NSCLC. 20 Similar to our study, there were no differences in complete resection rates, surgical procedures, or operative mortality. At 51 months of follow-up, the disease-free survival tended to favor chemotherapy, with an HR of 0.92 for preoperative chemotherapy (95%CI,0.81to1.04;Pϭ.18)andanHRof0.96forpostoperativechem-otherapy (95% CI, 0.75 to 1.22; P ϭ .73). 20   Table 4 1-4,15-20 summarizes the results of the previously reported phase III trials of preoperative chemotherapy for operable NSCLC. With the exception of the LU22 trial, 18 all studies found survival trends in favor of preoperative chemotherapy; the benefits seen were comparable in magnitude tothoseachievedwithpostoperativechemotherapy. Two meta-analyses have also examined the efficacy of chemotherapy in resectable NSCLC. 21, 22 Both meta-analyses were based on data extracted from abstracts and manuscripts, a method considered inferior to meta-analyses of individual patient data; thus, the results should be interpreted with caution. 23 Berghmans et al 21 found an OS HR of 0.66 for preoperative chemotherapy (95% CI, 0.48 to 0.93) and an HR of 0.84 for postoperative chemotherapy (95% CI, 0.78 to 0.89). The Burdett et al 22 meta-analysis found an OS HR of 0.82 (95% CI, 0.69 to 0.97; P ϭ .02) with an absolute benefit of 6% at 5 years for preoperative chemotherapy in randomized trials.
A meta-analysis directly comparing the efficacy of postoperative versus preoperative chemotherapy for resectable NSCLC in randomized trials found an OS HR of 0.80 for postoperative chemotherapy (95% CI, 0.73 to 0.87) and 0.81 for preoperative chemotherapy (95% CI, 0.68 to 0.97). Using indirect comparison meta-analysis, the relative hazard of postoperative compared with preoperative chemotherapy was 0.99 (95% CI, 0.81 to 1.21; P ϭ .900). Findings were similar for disease-free survival. The authors concluded that postoperative and preoperative chemotherapy yielded similar survival benefits.
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Concerns have been raised that preoperative chemotherapy increases surgical morbidity and mortality. In this and other trials, surgical complication rates after preoperative chemotherapy were similar to rates observed after surgery alone. However, postoperative mortality rates were higher in patients who underwent pneumonectomy after preoperative therapy. 25, 26 Although the observed benefits of preoperative and postoperative chemotherapy in the reported phase III trials and meta-analysis appear similar, one must consider inherent differences as a consequence of modality sequencing. The delivery of preoperative chemotherapy is intended to increase the percentage of patients who receive systemic therapy without interfering with the percentage who receive surgery. In contrast, when surgery is the initial modality, estimates are that fewer than 75% of patients initially eligible for preoperative chemotherapy and surgery ultimately receive postoperative chemotherapy. In the NATCH trial, 20 90% of patients completed three cycles of chemotherapy in the preoperative chemotherapy arm, compared with 66% of patients in the postoperative chemotherapy arm. By increasing the percentage of patients who actually receive chemotherapy, the preoperative chemotherapy strategy may yield superior survival results. Unfortunately, a prospective, randomized, phase III trial addressing this question failed to accrue sufficient patients in the United States. Although a subset of patients may benefit from a preoperative strategy, this is not yet defined.
In conclusion, phase III trials of preoperative chemotherapy for operable NSCLC support its use with survival benefits comparable to those seen with postoperative chemotherapy. The S9900 study found a 21% reduction in the risk of death and a 9% improvement in 5-year OS rate with three cycles of preoperative paclitaxel and carboplatin, although these improvements were not statistically significant. Based on clinical trial data available at this time, stronger evidence exists supporting the use of postoperative chemotherapy in patients with resectable NSCLC.
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